The 10-year mortality in a sample of adult inhabitants of Cracow, Poland, was analysed according to the levels of air pollution in the area of residence. Smoking habit and several social and occupational factors were considered in the analysis, which was carried out with the use of a multivariate method for categorical variables. Among men the main effect of air pollution was marginally significant, but there was a significant interaction between air pollution and smoking. Among women no such relation could be detected. Also, the association between female mortality and smoking was not significant. From other factors considered in the analysis, only exposure at work to dust, high humidity, and variable temperature was related to mortality in both men and women. In addition among women higher mortality was related to a lower level of education.
The effects of air pollution on health in an urban environment continue to be the subject of discussion.' 2 Various studies indicate that the possible effect of air pollution on mortality is relatively small and may be influenced by several confounding factors, such as smoking habit and occupational or socioeconomic conditions that also generally affect mortality.34 One way to assess the effects of air pollution on health, taking into account these confounding factors, is a longitudinal epidemiological study of populations exposed to various levels of air pollution. This is laborious to organise and conduct but affords relatively exact data on individuals who may be followed up for many years. In this paper we present the mortality after 10 years in a random sample of residents of the higher and lower polluted areas of Cracow.
Population and methods
In 1968 a sample of the adult population of Cracow, a city inhabited at that time by 555 000 people, was examined to estimate the prevalence of chronic non-specific respiratory diseases. The proportion of deaths due to accidents was 10*9% for men and 3-2% for women; the proportion of the study population lost to follow-up was 1-4% for men and 1*3% for women. We then calculated age-adjusted mortality rates using indirect standardisation with the total examined group as standard.8
Results
We were able to identify 4296 individuals (98X6% of the study population, of whom 308 (7.2%) had died in the 10-year period (table 2). Only 59 (1X4%) of the original population had been lost to follow-up.
The basic linear model of age-standardised mortality on air pollution and smoking habit in men confirmed the highly significant effect of smoking ( In a similar analysis for women the definition of the smoking categories differed; for women ex-smokers were joined with the current smokers to form a group of "ever smoked" in comparison to "never smoked." In women the basic linear model comprising two factors, air pollution and smoking, was not significant, although it fitted the data satisfactorily (table 6). Smoking had no effect and air pollution was on the border of significance, p = 0-053, but the higher mortality was in the less polluted areas. This strange effect became even more pronounced when the occupational exposures were considered; the mortality of women exposed to various hazards (dust, temperature, and humidity) was hbher than those not exposed, whereas exposure to chemicals or gases reduced mortality (table 7) .
Introducing education into the model had a significant effect in the expected direction-that In the model considering air pollution, smoking, education, and exposure to chemicals or irritating gases no regular pattern of mortality rates could be detected, and models with first-order interactions were not fitted. When the various hazards were substituted for the chemical hazards, more regular group.bmj.com on July 7, 2017 -Published by http://jech.bmj.com/ Downloaded from patterns could be observed (table 8) . There was increased mortality in women living in the areas of lower air pollution, in those with less education, and in those exposed to various hazards,
Discussion
In most studies of long-term effects of air pollution on mortality the authors correlated the mortality rates in different territories with the characteristics of air pollution in these areas."" The main problems in such studies are connected with a measurement of confounding factors, and the only values it is possible to use in the analysis are usually crude characteristics of the area. In a prospective epidemiological study information on every individual is available, but the method of data collection limits the number of people who can be examined, which diminishes the validity of observed death rates. Relatively small numbers of deaths in the follow-up period and qualitative data on confounding factors also restrict the number of factors that can be considered simultaneously in the analysis.
Nevertheless, the data used in our study enabled us to detect some associations that are difficult to find in an analysis based on aggregated data. One is the interaction effect of air pollution and -cigarette smoking observed in men, indicating that men who smoke have a higher susceptibility to pollutants. This finding differs from the conclusion of Morris et al '2 who could not show more than an additive effect of air pollution and smoking on 13 years' mortality.
We checked if the interaction observed in our data did not result from differences in the habit of residents of the more and less polluted areas who smoked. The distributions of duration of smoking and of the amount of cigarettes smoked daily, however, were similar in both groups.
For women the results of our study are similar to the observations of Morris'2: in both studies there was no excess mortality in women residing in more polluted areas. Opposite results have been reported by Brozzo et al,'3 who had found an association between female mortality and the level of air pollution. The strength of that correlation, however, had been 2-5 times smaller than that observed for men.
The lack of interaction between smoking and air pollution in women may be partly explained by the much smaller effect of smoking on mortality in women than in men observed in our study as well as in some previous ones." This weak influence of the habit may be areason why air pollution has no effect even in a smoking group.
The relatively small number of deaths in the group followed up for 10 years severely restricted the possibility of cause-specific analysis. For men, however, we could detect that the greatest excess of mortality in the residents of the highly polluted area was due to deaths caused by malignant neoplasms of the respiratory system, arteriosclerosis, pulmonary heart disease, and chronic bronchitis, emphysema, and asthma. This only partly supports the findings of Brozzo et al. 13 The higher overall mortality in women residing in areas with lower air pollution was due to diseases of the circulatory system.
We could not identify which of the two types of air pollution we considered (suspended particulates or S02) is responsible for the excess of mortality in men living in the more polluted area, since the levels of both pollutants were strongly correlated.
Among confounding factors only exposure to various occupational hazards appeared to be significantly related to mortality in men and women. All three types of hazards (dust, variable temperature, and high humidity) have been strongly intercorrelated, so it was impossible to distinguish the specific effect of one of them. In general, their presence probably describes burdensome conditions at work. In contrast, mortality is not related to exposure to chemicals and irritating gases at work. Perhaps this may be due to the selection of healthier workers and to some preventive measures taken when severe hazards are known to be present. Similar selection may be related in part to the somewhat lower mortality in the industrial employees than in other workers. Such effect of selection of workers has been noticed also in other studies. 15 The relation of socioeconomic conditions to mortality has also been observed. '6-8 In our analysis these factors have been represented by the type of occupation, dwelling conditions, and the level of education. Only the latter variable is clearly related to mortality in Cracow and only in women.
We could not draw any definite conclusions concerning the relation between mortality and the place of birth, nor its influence on the relation between mortality and air pollution. These problems need further study in a larger sample or in a sample observed for a longer time.
As the final result of the analysis we may state that the raised mortality observed in men living in the more polluted part of Cracow, which is especially pronounced in smokers, is additional to the effects of smoking habit, social conditions, or occupational factors. The real effect of air pollution may be even stronger than that ob.served in the study, since the residents of the higher polluted area could spend part of the day in the less polluted one and vice versa.
It is difficult to explain the inverse relation observed in women, despite the smaller reaction of women to smoking. The question is: Are the above observations the result of influence of some uncontrolled factors, changing the real relationship between air pollution and mortality in women, or do they reflect the smaller susceptibility of women to this type of environmental factor. To answer these questions further studies are necessary, carried out in other populations of men and women.
pollution. adult population in relation to air
Ten-year mortality in a sample of an 
